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LI QUID -CRYSTAL DISPLAY APPARATUS AND THREE-PANEL 
LIQUID-CRYSTAL DISPLAY PROJECTOR 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a liquid-crystal display 

apparatus and a three-panel liquid-crystal display projector. 

2. Description of the Related Art 

Referring to FIG. 10, a three-panel liquid-crystal 
display projector employs three liquid-crystal display panels 
IR, IG, and IB as optical shutters. A high-intensity white light 
from a metal halide lamp or the like is separated through dichroic 
mirrors (not shown) or the like into red, green and blue light 
rays. Receiving the red, green and blue light rays, the 
respective liquid-crystal display panels IR, IG, and IB output 
a red video image, a green video image and a blue video image. 

The red, green, and blue video images are synthesized through 
a dichroic prism 2, and the synthesized image is then projected 
onto a screen 4 through a lens system 3. An enlarged projected 
color image is thus obtained. 

Such a three-panel liquid-crystal display projector 
suffers from on-screen chrominance non-uniformity in the display 
on the screen 4, because of non-uniformity in light 
transmissivity in the optical systems 2 and 3, and the 
liquid-crystal display panels IR, IG, and IB. 




- 2 - 

In the three-panel liquid-crystal display projector, as 
shown in FIG. 10, the red video image, and the blue video image 
are respectively left-side-right inverted at each of the 
dichroic prism 2 and the lens system 3, but the green video image 
is inverted by the lens system 3 csgily, and the green video image 
only is projected in a left-side-right inverted orientation. 

Now there is a variation in luminance in a horizontal 
direction in the light source or the optical systems. The green 
video signal only is inverted left side right, and the red video 
image and the blue video image are superimposed on the green video 
image, as shown in FIG. 11. When a gray color display is 
presented, the right hand side becomes greenish gray, and the 
left hand side becomes magenta gray, as shown in FIG. 11. A 
similar phenomenon occurs when the red video image or the blue 
video image is inverted. 

Another cause for the chrominance non-uniformity on the 
display screen is a variation in light transmissivity , due to 
a interlayer gap variation present in the liquid-crystal display 
panel, called Newton's rings, as shown in FIG. 12. 

An electrical signal processing system in the 
conventional three-panel liquid-crystal display projector is 
unable to remove the chrominance non-uniformity, because 
brightness adjustment, gain adjustment and a liquid-crystal 
display panel common voltage remain fixed throughout a 
horizontal display period and a vertical display period. 
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SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
remove chrominance non-uniformity. 

A liquid-crystal display apparatus of the present 
invention, supplying a primary color video signal and a common 
voltage to a liquid-crystal display panel, superimposes a 
correction signal for canceling chrominance non-uniformity on 
the primary color video signal or the common voltage. 

_ 

"=4 In accordance with the present invention, the correction 

M signal for canceling the chrominance non-uniformity is 

£ superimposed on the primary color video signal or the common 

U 

Q voltage, and the non-uniformity is thus removed from the display 

1,1 screen. A color image having a good uniformity is thus 

^2 presented. 

A three-panel liquid-crystal display projector of the 
present invention includes a liquid-crystal display panel, 
supplied with a red video signal and a common voltage, for 
presenting a red video image, a liquid-crystal display panel, 
supplied with a green video signal and the common voltage, for 
presenting a green video image, and a liquid-crystal display 
panel, supplied with a blue video signal and the common voltage, 
for presenting a blue video image, wherein one of the red, green 
and blue video images is projected in a left-side-right inverted 
orientation. In this projector, a chrominance non-uniformity 
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correction signal is superimposed on the video signal which is 
supplied to the liquid-crystal display panel which projects the 
lef t-side-right inverted video image ^ or a chrominance non- 
uniformity correction signal is superimposed on the common 
voltage which is supplied to the liquid-crystal display panel 
which projects the left-side-right inverted video image. 

Since a chrominance non-uniformity correction signal is 
superimposed on the video signal or the common voltage, which 
is supplied to the liquid-crystal display panel which projects 
the left-side-right inverted video image, the non-uniformity is 
thus removed from the display screen. A color image having a 
good uniformity is thus presented. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a three-panel liquid-crystal 
display projector; 

FIG. 2 is a block diagram showing an electrical signal 
processing system of the present invention; 

FIG. 3 is a block diagram showing a video signal processing 
circuit of the present invention; 

FIGS. 4A-4C are waveform diagrams showing the operation 
of the three-panel liquid-crystal display projector; 

FIG. 5 is a circuit diagram showing a sawtooth wave 
generator circuit; 

FIGS. 6A-6B are waveform diagrams showing the operation 
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of the circuit shown in FIG. 5; 

FIGS . 7A-7E are waveform diagrams showing one operational 
example of the present invention; 

FIGS. 8A-8D are waveform diagrams showing another 
operational example of the present invention; 

FIGS. 9A-9E are diagrams showing the operation of the 
present invention; 

FIG* 10 is a block diagram showing a three-panel 
liquid-crystal display projector; 
ovL , Ft^G . — 11A" ^ 11D * are diagrams showing chrominance non- 

uniformity; and 



FIG. 12 is a diagram showing another example of 
chrominance non-uniformity. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

One embodiment of the present invention is now discussed, 
referring to FIG. 1 to FIGS. 7A-7E. Referring to FIG. 1, 
components identical to those described with reference to FIG. 
10 are designated with the same reference numerals. In this 
embodiment, a liquid-crystal display panel, which projects a 
video image in a left-side-right inverted orientation, is the 
liquid-crystal display panel for the green video image. 

As shown in FIG. 1, a three-panel liquid-crystal display 
projector in this embodiment employs three liquid-crystal 
display panels IR, IG, and IB, as optical shutters. A high- 



intensity white light from a white light source 5 such as a metal 
halide lamp is separated through a color separation system 6, 
such as a dichroic mirror, into red, green, and blue light rays. 
The red, green, and blue light rays are respectively incident 
on the liquid-crystal display panels IR, IG, and IB and a red 
video image, a green video image and a blue video image are thus 
produced. 

The red, green, and blue video images are then synthesized 
by a color synthesis system 7, such as a dichroic prism, and a 
synthesized color image is projected onto a screen 4. An 
enlarged projected image thus appears on the screen 4. 

The output signal from an electrical signal processing 
system 8 is respectively fed to the liquid-crystal display panels 
IR, IG, and IB. 

The electrical signal processing system 8 in this 
embodiment is constructed as shown in FIG. 2. Referring to FIG. 
1 and FIG. 2, there are shown red, green, and blue video signal 
input terminals 8R, 8G, and 8B for receiving the primary color 
video signals from a color video reproducing apparatus, a 
horizontal synchronization signal input terminal 8H, and a 
vertical synchronization signal input terminal 8V. 

In the electrical signal processing system 8 shown in FIG. 
2, the red, green, and blue video signals, input to the respective 
input terminals 8R, 8G, and 8B, are fed to a video signal 
processing circuit 20 while a chrominance non-uniformity 



correction signal from a chrominance non-uniformity correction 
circuit 21 to be described later is input to the video signal 
processing circuit 20. 

Referring to FIG. 2, the horizontal synchronization 
signal coming in through the horizontal synchronization signal 
input terminal 8H, as shown in FIG. 4A, is supplied to a timing 
signal generator circuit 22, while the vertical synchronization 
signal coming in through the vertical synchronization signal 
input terminal 8V is supplied to the timing signal generator 
circuit 22. Furthermore, a master clock MCK from a master clock 
generator circuit 23 is supplied to the timing signal generator 
circuit 22. 

Referring to FIG. 4B, the timing signal generator circuit 
22 produces a phase-inverted signal FRP in a horizontal period, 
in synchronization with the horizontal synchronization signal, 
and feeds the phase-inverted signal FRP to the video signal 
processing circuit 20. In synchronization with the horizontal 
synchronization signal and the vertical synchronization signal, 
the timing signal generator circuit 22 produces a horizontal 
start signal HST, a horizontal clock signal HCK, a vertical start 
signal VST, a vertical clock signal VCK,^^p^^^ and respectively 
feeds these signals as drive signals to the liquid-crystal 
display panels IR, IG, and IB. 

FIG. 3 shows an example of the video signal processing 
circuit 20. Referring to FIG. 3, the video signal processing 
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circuit 20 is now discussed. In the video signal processing 
circuit 20, the red, green, and blue video signals, respectively 
supplied to the input terminals 8R, 8G, and 8B, are sent to user 
brightness adjustment circuits 30R, 30B, and 30G, by which a user 
adjusts brightness level. The user brightness adjustment 
circuits 30R, 30G, and 30B are adjusted in brightness level by 
a user-controlled adjustment signal at an input terminal 30. 

The output signals of the user brightness adjustment 
circuits 30R, 30G, and 30B, which are subject to user control, 
are respectively fed to gamma correction circuits 31R, 31G, and 
32B. The gamma correction circuits 31R, 31G, and 3 IB perform 
gamma correction with correction signals, set at manufacture, 
at correction signal input terminals 32R, 32G, and 32B. 

The gamma-corrected output signals of the gamma 
correction circuits 31R, 31G, and 31B are respectively fed to 
gain adjustment circuits 33R, 33G, and 33B. The gain adjustment 
circuits 33R, 33G, and 33B perform gain adjustment in accordance 
with adjustment signals supplied at adjustment signal input 
terminals 34R, 34G, and 34B. 

The gain-adjusted output signals of the gain adjustment 
circuits 33R, 33G, and 33B are respectively fed to brightness 
adjustment circuits 35R, 35G, and 35B. The brightness 
adjustment circuits 35R, 35G, and 35B perform brightness 
adjustment in accordance with adjustment signals respectively 
supplied at adjustment signal input terminals 36R, 36G, and 36B. 
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In this embodiment, chrominance non-uniformity 
correction signals are respectively fed to the brightness 
adjustment circuits 35R, 35G, and 35B to cancel chrominance 
non-uniformity, as will be described later. 
O-^ The brightness adjustment circuit 35R, 35G, and 35B adjust 

a direct-current component with respect to a signal center SIG. 
C in the video signal which is alternately inverted every 
CNIJ horizontal period^ ^ 

The brightness-adjusted output signals of the brightness 
adjustment circuits 35R, 35G, and 35B are respectively fed to 
signal center adjustment circuits 38R, 38G, and 38B via inverter 
circuits 37R, 37G, and 37B. Referring to FIG. 4C, the inverter 
circuits 3 7R, 3 7G, and 3 7B alternately phase-invert the red, 
green, and blue video signals every horizontal period in response 
to the phase-inverted signal FRP in synchronization with the 
horizontal synchronization signal which is fed to an inverting 
signal input terminal 37 as shown in FIG. 4B. 

In response to a signal center adjustment signal coming 
in through a signal center adjustment signal terminal 38, the 
signal center adjustment circuits 38R, 38G, and 38B adjust the 
signal centers SIG. C of the video signals which are alternately 
phase-inverted every horizontal period as shown in FIG. 4C. The 
red, green, and blue video signals, appearing on the outputs of 
the signal center adjustment circuits 38R, 38G, and 38B, are then 
respectively fed to the liquid-crystal display panels IR, IG, 



- 10 - 

and IB* 

Referring to FIG. 3, the video signal processing circuit 
20 includes a common voltage adjustment circuit 39. The common 
voltage adjustment circuit 39 adjusts a common voltage VCOM, as 
shown in FIG. 4C, in accordance with a common voltage adjustment 
signal coming in through a common voltage adjustment signal input 
terminal 39a. The common voltage adjustment circuit 39 outputs 
the common voltage VCOM to the liquid-crystal display panels IR, 
IG, and IB. 

Actually applied to the liquid-crystal display panels IR, 
IG, and IB are differences between the red, green, and blue video 
signals and the common voltage VCOM, as shown in FIG. 4C. To 
remove the chrominance non-uniformity, a voltage change for 
cancelling the chrominance non-uniformity is applied to the red, 
green, and blue video signals or to the common voltage VCOM. 

For example, to remove chrominance non-uniformity that 
linearly varies in a horizontal direction as shown in FIG. IID, 
a sawtooth wave generator circuit for generating a sawtooth wave 
in the horizontal period is arranged as a chrominance non- 
uniformity correction circuit 21 as shown in FIG. 5. 

FIG. 6A shows a horizontal pulse having a predetermined 
pulse width in the horizontal period, which is supplied at an 
input terminal 4 0 in synchronization with the horizontal 
synchronization signal as shown in FIG. 5. When an analog switch 
41 is turned on and off by the horizontal pulse, a sawtooth wave 



- 11 - 

signal having the horizontal period appears on an output terminal 
as shown in FIG. 6B. 

In this embodiment, the sawtooth wave signal in the 
horizontal period , produced in the chrominance non-uniformity 
correction circuit 21, is supplied to the brightness adjustment 
signal input terminal 36G connected to the brightness adjustment 
circuit 35G which adjusts the green video signal. 

The operation of the electrical signal processing system 
8 is now discussed, referring to FIGS. 7A through 7E. The 
gray-level red, green, and blue video signals, shown in FIG. 7C, 
are respectively fed to the input terminals 8R, 8G, and 8B, while 
the sawtooth wave signal in the horizontal period, shown in FIG. 
7D, is fed to the brightness adjustment signal input terminal 
36G as the chrominance non-uniformity correction signal, and the 
phase-inverted signal FRP, shown in FIG. 7B, is fed to the 
phase- inverted signal input terminal 37. 

The signal center adjustment circuit 3 8G outputs the green 
video signal, in which the horizontal sawtooth wave signal for 
chrominance non-uniformity correction is superimposed on the 
gray-level green video signal as shown in FIG. 7E. The red video 
image, green video image, and blue video image presented by the 
liquid-crystal display panels IR, IG, and IB are synthesized and 
then projected onto the screen 4. The chrominance non- 
uniformity linearly varying in the horizontal direction is then 
canceled, and a color image (gray) having a good uniformity thus 
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results. FIG. 7A shows the horizontal synchronization signal. 

In the above discussion, the chrominance non-uniformity 
linearly varying in the horizontal direction is canceled. 
Chrominance non-uniformity linearly varying in a vertical 
direction may be also equally canceled. 

In the above discussion, the chrominance non-uniformity 
that linearly varies is canceled. Chrominance non-uniformity 
appearing on both end portions in a horizontal direction and on 
a lower portion in a vertical direction, as shown in FIG. 9A, 
may also be canceled. Specifically, in connection with a 
vertical direction, a sawtooth wave signal in the vertical period 
is produced as a chrominance non-uniformity correction signal 
as shown in FIG. 9B, and in connection with a horizontal direction, 
a parabolic wave signal in the horizontal period is produced as 
a chrominance non-uniformity correction signal as shown in FIG. 
9D. These signals are combined and then applied to the 
brightness adjustment signal input terminal 3 6G, and the 
chrominance non-uniformity shown in FIG. 9A is canceled. 

Referring to FIG. 9A, a white portion is greenish gray, 
and a deep-colored portion is magenta gray- FIG. 9C shows a 
vertical synchronization signal, and FIG. 9E shows a horizontal 
synchronization s ignal . 

The chrominance non-uniformity correction circuit 21 may 
also produce a chrominance non-uniformity correction signal as 
follows. The three-panel liquid-crystal display projector 
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projects an all-gray display onto the screen 4, the display 
appearing on the screen is captured into a field memory using 
an image pickup device such as a charge-coupled device camera, 
and a chrominance non-uniformity correction signal is produced 
based on information captured into the field memory. 

This method removes chrominance non-uniformity due to 
variations in the entire three-panel liquid-crystal display 
C3 P^o j ector s . 

^= In the above discussion, the chrominance non-uniformity 

-.J signal is superimposed on the red, green, and blue video signals. 

= 1_ Alternatively, the chrominance non-uniformity signal may be 

superimposed on the common voltage supplied to the liquid- 

IZ, crystal display panels IR, IG, and IB. In this case, however, 

unlike the above embodiment, the liquid-crystal display panels 

^-3 IR, IG, and IB need their respective common voltage adjustment 

circuits to independently adjust the common voltages. 

To correct chrominance non-uniformity linearly varying 
CX ^ horizontal direction as shown in FIG. 11^, a triangular wave 

signal spreading in a horizontal period is formed as a chrominance 
non-uniformity correction signal as represented by a dotted line 
in FIG. 8D. The horizontal triangular wave signal is 
superimposed onto the common signal VCOM which is supplied to 
the liquid-crystal display panel IG, to which the green video 
signal is fed. The rest of the construction remains unchanged 
from the above embodiment. 
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The chrominance non-uniformity linearly varying in a 
horizontal direction is thus canceled. FIG. 8A shows a 
horizontal synchronization signal, FIG. 8B shows a phase- 
inverted signal FRP in a horizontal period, FIG. 8C shows a 
gray-level green video signal supplied at the input terminal 8G, 
and FIG. 8D shows a green video signal appearing on the output 
of the signal center adjustment circuit 3 8G. 

Q The present invention is not limited to the above 

embodiments, and various modifications are possible without 

I J departing from the scope and spirit of the present invention. 

i1 For example, the red video liquid-crystal display panel or the 

blue video liquid-crystal display panel, rather than the green 
O^lZ vid^ liquid-crystal display panel, may project an jLmage in a 

I- left-side right inverted orientation. 

%3 In accordance with the present invention, the chrominance 

non-uniformity correction signal is superimposed onto the 
primary color video signal or the common voltage, supplied to 
the liquid-crystal display panel, the chrominance non- 
uniformity is canceled on the display screen, and a color image 
with an excellent uniformity thus results. 



